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 abensisalsointerestbecauselthasnumerousapp巨cationsinthefluidengineering,suchasinheatexchangers,
 ventHators、gasturbines,aircrafHntakesandρentrifuga!pumps.The刊owthrougha90-degreebendshows
physica"ysignificantfeaturesundertheactionofcentrifugalforcecausedbythecurvatureofthebend.The
 presenceofcurvaturegeneratescentrifugalforcewhichactsatarightangletothemain刊owdirectionand
producesecondaryflowlnaradialdirectionaswe“asnon-unif◎rmaxiaIvelocitydistributionabngthe
streamwisedirection,
 Timeseriesveloci圭yvectorsofthesecondaryfbwshowtwomainvorticeswithdif「erentrotatingdirection
astwinvortexandmanysmaIler-scaletemporaryvorticescreatedbythesecondaryflowofbend.Theposition
androtationdirectionoftwinvorticesintheaverageflowfieldareindependentofthemeanvelocity,axial
Iocationalongthefbwandthecurvatqreratbofbend.ThefbwfieIdafterthebendistota"yunsteadyand
produceshighvelocityfluctuationnearthemainpipewa"shortlyafterthebend,whichtransportstowardthe
 middleofpipealongthestreamwisedirectionwithIower刊uctuation.Samemechanismhappensifthecurvature
 ratioincrease◎rmeanveゆcitydecrease,Theinstabilityofenergydistributionmatchesthehighsecondarソflow
areaasthesameplaceas]owaxialflowareaandalsomakesbothareastotransporttowardtheothersideof
pipe,whichmeanveIocityishigh.
VisualizationoffluidmixinginTrjunctionarea
 TheturbulentfluidmixingintheteeareaisvisuaiizedindifferentIateralandIongi加dinalsections.The
fbwpatternsareclassifiedintofourmalnjetsaswalllet,reattachedlet,tumjetandimpingingjet.For
distinguishingthesefourjets,threeparametersareusedtocharacterizethesestructuresandmechanisms:
meanvelocitydistribution,velocityf!uctuationandtimeseriesdata.Accordingtotheseparameters,thebranch
jetsaresortedgenerallybymeanvebcltydistributionandvelocityfiuctuation.Themeanvelocitydistributionhas
 enoughinformationaboutaveragestruc童ureofthejetandthevebcityfluctuationindicatesunstableregions.
Timeseriesdatadescribethegradualchangeoftheflowpattem.Threebranchpipediametersareusedinorder
 tocategorizethebranchjetsbasedonthesethreeparametersindifrerentmomentumlvebcityratiosりetweenthe
branchandmainflows.ThresholdforeachfbwpattemisdeflnedasshowninTablelbycalcuiatingmomentum
ratlo(MR)ofthemainflowtothebranchf[owasequation1.
 ハ4Rニ
つ
 ρ。,,u茄.(D,,,×Dゐ)
 ρわUβ.π.(Dδ/2)2
(1)
 hereρ,刀andρわareflulddensitiesfortわemain刊owandthebranChfbw,UmandUbaremeanveIOcitieSOfthe
 mainandbranchfbws,DmandDbaremainandbranChpipediameters,respectively・FUrthermore,the
 maximumintensityofvebcityfluctuationisestimatedforthedif「erentvelocityratiosandthebranchpipe
diametersforcomparingaIItheclassificationsofflowpattem.There-attachedjethasmaximumvelocity
fluctuationnearthemainpipewallabovethebranchpipeandimpingingjetalsohasmaximumvelocity
fluctuationnearthemainpipewa"ontheoPPositeoftheT-junction.Theminimumvelocityfluctuationnearthe
 mainpipewa旧scausedbythetumjet.Theflowfieldintheteeareaforbothwlthandwithoutbendiscompared.
 TheTヨunctionincludingthebendupstreamprovidesthedif「erentflowpattemfromthatwithoutthebendat
aImOSttentimeSbWermOmentUmratiO.
TablelCategohzationofbranchjet
 AfterevaluatingandcomparingaII刊owpattems,there-attachedandtumjetsareselectedforanalyzing
inmoredetaiIs.Itwasdifficulttocompletelyfigureouttheturbulenttransportmechanismtowardthewallonlyby
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Inthebothcases,theoptimumconditionareashiftstothehighermomentumofmainflowandthebwer
momentumofbranchfbw,whichgetscbsertoPhenixoperatingcondition.
Theworkingfluidisalsooneoftheimportantfactorsforconsiderlngthethermaistriplngphenomenon.
TwophysicalpropertiesaremoreefrectlveonthethermalstripingPhenomenoninthemixingarea:viscosityand
 therma!conductiv1ty.Theviscosi{yhasstrongef「ectsontheinterfacebetweenhotbranch刊owandthecoldmain
 fbw,instabiiitybetweenbranchandmainfbws,andwa"shearfbw、Sodiumhasbwerviscositycomparedto
thewaterandproduceshighervorticlty.ltisweII-knownthatbyincreasingkinematicviscosity,thenumberof
 largeeddiesincreasesandalsotheintensityofsma"一scalevorticityininstantaneousflowfie[ddecreases、The
cooiingsystemthatuslngsodiumasworkingfluidhaslowertemperaturefluctuationcomparedtotheonewith
watercoolant.Therma!conductivityisanotherimportantparameterthatdoesn'thavedirecteffectsontheflow
 fieId,buthasstrongef「ectsonthetemperaturefluctuationa竜theinterfaceoftwohotandco]dflows・Theliquld
withhigherthermalconductivitycantransporttemperaturefluctuationeas"ytothestructuresuchasthepipe
wall.Theinterfacewidth,whichisformedbythehotandcoldcoolants,increasesastheheatconductivity
 becomeshigher.Tota"y,thetemperature刊uctuatbnintheteeareadecreasesbyincreasingthethermal
conductivity.Usualiyforconsideringtheeffectsoftwoparameterstogether,thePrandtlnumber(Pr)offluidis
used.TheworkingfluidwithlowerPrhaslowertemperaturefluctuation,butontheotherhandlthehigher
thermalconductivityofsodiumdlrectlytransportsthetemperaturefluctuationeasilytothemainplpewall
especiaIlyinthere-attachedareaandhasprevailingeffectscomparedtotheviscosity.
AsafinalconcIusion,about50percentofvelocityfluctuationcanbedecreasedbyutilizingPhenixatthe
 optimumcondition,whichdirectlyaf「ectsreductionofthetemperaturefluctuationandthethermalfatigueforthe
mainpipewa",Thepresentresearchisusefulforimprovingthefuturedesignofpipingsystemsinthefast
breederreactorsaswe"aslightwaterreactors.
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